The objective of the present study was to evaluate the performance of broiler strains (Cobb 500, Ross 308, and Hubbard Flex) in hot weather. Environmental temperatures above thermal comfort trigger responses of the animals to maintain homeothermia, which negatively affects productive performance. A total of 2,160 chicks of both sexes, were distributed in an experimental design that was completely randomized in a factorial arrangement of 3 × 2 (strains and sexes) with six replicates of 60 birds each. Feed intake (FI), live weight (LW), weight gain (WG), and feed conversion (FC) were analyzed at periods of 1-7, 1-21, 1-28, 1-42, and 1-49 days old. At 42 and 49 days old, the carcass weight (CW), carcass yield (CY), breast yield (BY), thigh yield (TY), and drumstick yield (DY) were analyzed. The strains differed in LW and WG in most periods, especially for Cobb broilers in the pre-start period (1-7 days) and Hubbard broilers in the last two periods (1-42 and 1-49 days). Except for the pre-initial stage, which there was no influence of the strains on FC, the Hubbard broilers showed the best FC, at 1-49 d, similarly to Cobb broilers. Regardless of strain, the males showed superior performance to that of females. At 42 d, the Cobb broilers showed a superior BY to that of the other strains, presenting better TY than did the Ross and Hubbard strains. At 49 d, the Cobb and Ross strains showed the best BY, with the Hubbard strain having the greatest DY. Males showed higher values in cut yields, except in the BY in which females showed better results. Key words: Carcass yield. Genetics. Poultry industry.
Introduction
For decades, those involved in the production chain of broiler chickens have been concerned with the potential for growth and body conformation of poultry, since these characteristics are related to the efficiency and profitability of the poultry sector. Genetic enhancements have resulted in the current broiler chicken strains, which are characterized by faster weight gain and better feed conversion.
Broiler chicken have been successfully commercialized, including live chickens and industrialized products. In Brazil, among the exported products, cuts represent 57.7% and whole chickens 32.6%, followed by processed products (ABEF, 2016) . The diversity of chicken meat supply has driven the present production to develop strains that meet market needs.
Broiler farms comprise different strains, each one presenting unique development and production characteristics. However, for them to realize their performance potential and carcass characteristics, it is necessary to meet the requirements of these animals, since growth and muscular development are influenced by factors such as nutrition, environmental conditions, disease, and housing density (HRUBY et al., 1994) .
A limiting factor in the production of broiler chickens in Brazil is the climate, characterized by high ambient temperatures and relative humidity in most regions, and it is necessary to modify the environment to modulate the microclimate inside aviaries, and thus minimize the negative effects of heat stress and decrease the thermal amplitude, which can be as detrimental to birds as heat (DONALD, 1997) .
The investment cost in facilities and equipment of ambience is high and may be impractical for some breeders, which consequently may not provide the birds with a controlled thermal environment to maximize their productive potential.
An alternative for producers would be to use more heat resistant strains, and according to Deeb and Cahaner (2001) , this resistance can occur naturally in the environment, through breeding strains originating from hot regions or developed by artificial selection.
The performance and carcass characteristics of modern broiler strains maintained within their thermal comfort zones have been described, but this information does not include bird development under different climatic conditions. Where birds are not kept in a suitably controlled environment, they may perform poorly as expected, as they are not in thermal comfort and need to be slaughtered over 42 days of age. Therefore, the objective of the present study was to evaluate the performance and some carcass characteristics of broiler chickens from different strains and sexes, reared under heat stress conditions.
Materials and Methods
The experiment was carried out from March 11 to April 29, 2014 in the Poultry Sector of the Technical College of Bom Jesus, Campus Professor Cinobelina Elvas, Federal University of Piauí, located in the municipality of Bom Jesus, PI (09° 04′ 26″ S, 44° 21′ 32″ W), with an average altitude of 277 m. According to the climatic classification of Köppen, the climate of the region falls into the type Aw, considered a tropical zone with dry winters (ALVARES et al., 2013) .
For this study, we used 2,160 broilers, half of each sex, from three breeding flocks: Ross 308, Cobb 500, and Hubbard Flex at 42, 37, and 38 weeks of age, respectively. The hatching eggs of the respective strains were purchased from breeder farms located in the states of Ceará, Minas Gerais, and Goiás, and transported in suitable trucks to Teresina, PI, where they were incubated. After reception, the eggs were processed under similar conditions and incubated in a Coopermaq brand hatchery. Sexing through wing feather examination was performed in the hatchery, and the birds were transported and housed approximately 15 hours after hatching.
The birds were weighed and distributed in 36 2 m 2 pens, at a stocking density of 30 birds/m 2 , in an experimental shed 26 m long by 8 m wide, covered with ceramic tiles, with a 3 m right foot, equipped with movable yellow side curtains to aid in the control of the ambience.
Each pen was fitted with a bell water drinker, cylinder feeder, and 50 watt incandescent bulb for heating. Environmental temperatures and relative humidity (maximum and minimum) were recorded daily using a thermo-hygrometer located in the geometric center of the shed, at the life zone height.
To evaluate the thermal comfort each week, the thermal comfort index enthalpy (comfort index enthalpy -CIE) was determined, based on the following formula: H = 6,7 + 0,243*Tbs + {UR / 100* 10^7,5 * Tbs / 237,3 + Tbs} where: H is the enthalpy (kcal/kg of dry air), Tbs is the dry bulb temperature (°C), and UR is the relative humidity of the air (%). The result was multiplied by 4.18 for the unit of measurement (kJ). The enthalpy values are divided into four bands represented by four colors: comfort (green), alert (yellow), critical (orange), and lethal (red) (BARBOSA FILHO et al., 2007) . As enthalpy tables were available for data until the sixth week, in the present study, for the evaluation of the thermal comfort in the seventh week, data for enthalpy in the sixth week were used as a reference.
The experimental design was completely randomized in the following factorial arrangement: 3 × 2 (strains and sexes), 6 treatments, with six replicates of 60 birds each, and the initial mean weights (± s) of the Cobb, Ross and Hubbard strains were: 40.4 ± 0.03; 41.4 ± 0.10, and 42.2 ± 0.12 g for males, and 40.4 ± 0.05; 39.7 ± 0.13, and 41.3 ± 0.14 g for females, respectively. Diets based on corn and soybean meal were formulated to provide the nutritional requirements of male broilers with superior performance according to the recommendations of Rostagno et al. (2011) ( Table 1 ). The feeding program consisted of four diets according to the age of the birds: 1-7, 8-21, 22-42, and 43-49 At d 7, 21, 28, 42, and 49, all birds and left over rations from each experimental unit were weighed to evaluate the performance characteristics. The variables analyzed were weight gain (WG), feed intake (FI), feed conversion (FC), and live weight (LW). Mortality was recorded daily, and the subsequent calculation of the average feed intake and feed conversion was determined (SAKOMURA; ROSTAGNO, 2016) .
At d 42 and 49, three birds with body weights close to the average of the pen (± 10%) were fasted for 6 h and slaughtered to determine eviscerated carcass weight (CW), carcass yield (CY), breast yield (BY), thigh yield (TY), and drumstick yield (DY). CY was calculated based on the relationship between CW (without feathers, viscera, feet, head, and neck) and LW. The parts yield was calculated based on the ratio between the cut weight and CW. The performance data and carcass characteristics of the birds, referring to the different evaluation periods were initially submitted to normality tests (Cramer-Von Mises) and homoscedasticity (Levene); and once these assumptions were met, they were submitted to analysis of variance according to the statistical model:
where Y ij(k) = FI, WG, FC, LW, CW, CY, BY, TY, and DY of birds of the i-th lineage in the jth sex; μ = overall mean effect; Strain i = i-th lineage effect; Sex j = jth sex effect; Strain × Sexij = interaction effect between ith Strain and jth Sex, and e ij(k) = experimental error. Subsequently, the means of the analyzed variables were analyzed by the SNK test (P ≤ 0.05), using SAS 9.0 Software (SAS Institute, 2002), through the "GLM" procedure.
Results and Discussion
The mean, minimum, and maximum temperatures and average relative humidity inside the room during the experimental period were 28.1 ± 0.7; 22.0 ± 1.2; 34.2 ± 0.9; and 73.6 ± 13.7%, respectively.
The mean and maximum temperatures recorded from the second week of life were above the recommended comfort temperatures in the strains manuals, which indicate temperatures below 26 °C from 18 d of age (COBB, 2005; HUBBARD, 2007; ROSS, 2012) . Minimum periods on most experimental days were observed at about 5:00 and the duration of the mild temperature over a 24 h period was short. The thermal comfort index enthalpy indicated that the birds were only in thermal comfort in the second week of life (green band), being in the lower and upper alert range (yellow) in the first and third week, respectively. After the third week, the birds were in a critical environment (orange band), which possibly influenced their performance (Table 2) . Table 2 . Minimum, maximum, and mean environmental temperature (°C) and relative humidity (%), standard deviation, and enthalpy comfort index (ECI) weekly, during the period from March 11 to April 29, 2014.
Period (days)
Temperature ( No interactions (P > 0.05) between strains and sex were observed for any of the performance variables evaluated in the pre-initial period (1-7 d) ( Table 3 ), indicating that these factors act independently. It was observed that the strains influenced (P < 0.05) the FI, WG, and LW, whereas the sex influenced (P < 0.05) the WG and LW of the birds, without influence (P > 0.05) of strains or sex on the FC in the pre-initial period.
Ross FI was similar to that of the Cobb and Hubbard strains, Cobb consumption being 6.1% higher than that of Hubbard. Stringuini et al. (2003) , when comparing the performance of four broiler strains, did not observe differences in FI between Cobb and Ross strains in the first week of life, corroborating the results of the present study.
The Cobb strain presented a superior WG to that of the Hubbard (8.9%) and Ross (3.8%) strains, being 4.9% superior to that of Hubbard. The effect of strains on the WG of birds at 1-7 d was found by Abdullah et al. (2010) , who verified that the Hubbard Classic strain presented superior WG in relation to Ross and Hubbard JV strains. Similarly to WG, the Cobb strain had a higher LW than the Hubbard (5.3%) and Ross (3.3%) strains, which was 2.1% higher than Hubbard. Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
No effects of strain (P > 0.05) on FC were observed, despite differences found between FI and strains, showing that in the pre-initial period, Cobb, Ross, and Hubbard birds gained weight with similar efficiencies. Considering the sex, it was observed that males presented higher WG (2.9%) and LW (3.4%) than that of females, independent of the strain, corroborating with the results of Stringuini et al. (2003) who observed that WG and LW of male broilers of the Ross, Cobb, Avian Farms, and Arbor Acres strains at 1-7 d were 3.6% and 2.8%, respectively, higher than that of females.
According to Yassin et al. (2009) the main morphophysiological changes of the digestive, immunological, and thermoregulatory systems occur in the first seven days of life of the birds, which supports the importance of this period for their development. In addition to these factors, the rapid growth of broilers reduces the time of poultry in the field, thus increasing the importance of satisfactory performance in the first week after hatching. However, each strain has a growth potential over a specific period (GOLIOMYTIS et al., 2003; SANTOS et al., 2005) ; thus, a greater live weight or weight gain from one strain to another in the pre-initial period may not translate into greater growth over the life of the bird.
No interactions (P > 0.05) between strain and sex were observed for any of the performance variables evaluated in the period of 1-21 d (Table 4) , in which FI and FC were influenced by the strain (P < 0.05). The performance variables were influenced by sex (P < 0.05), with the exception of FC (P > 0.05).
The birds of the Ross strain had FI that was higher by 1.4% and 3.4% than that of the birds of the Cobb and Hubbard strains, respectively, and the FI of the Hubbard birds was 2.0% lower than that of the Cobb birds. Abdullah et al. (2010) in a study with four strains at 14-21 d, found differences in FI, where the FI of the Ross birds was 12.3% higher than that of the Hubbard JV birds. The absence of effect of the strains on WG and LW agrees with the results of Farran et al. (2000) when evaluating the performance of three broiler strains (Arbor Acres, Lohman, and Ross) at 1-21 d, finding no strain effect on LW.
The Hubbard birds presented a lower FC than those of the Cobb and Ross strains, which showed similarities. Although there were no differences in WG between the strains at 1-21 d, the lower FI of Hubbard than Cobb and Ross strains, resulted in improved FC, indicating greater growth of Hubbard birds between d 7 and 21, since the birds of the Hubbard strain presented inferior WG and LW in the pre-initial period (1-7 d). Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
Analyzing the sex, the males showed a higher FI by 5.2%; WG by 5.7%, and LW by 5.6% than females; corroborating with the results of Moreira et al. (2004) , who also observed a higher FI (8.9%) and WG (9.8%) of the males based on both sexes of three broiler strains (Ross, Cobb, and Hybro) .
No interactions (P > 0.05) between strain and sex were observed for any of the performance variables for 1-28 d (Table 5 ). Similarly to the previous period (1-21 days), Ross birds presented the highest FI, which was 3.1% and 1.9% higher than that of the Cobb and Hubbard birds, respectively, and there were no differences between Cobb and Hubbard birds. The superiority of the Ross strain did extend to WG and LW, as these were similar to those observed in the Cobb and Hubbard strains. However, despite the similarity in FI of the Cobb and Hubbard birds, the latter presented WG (4.6%) and LW (4.5%) higher than the Cobb birds, suggesting a higher WG efficiency of Hubbard birds. It was observed that the birds of the Hubbard strain presented the best FC, 3.3% higher than Cobb, and 4.3% higher than Ross birds, with no differences between these strains.
The CR, GP, and PV values of the birds at 1-28 d were lower than the reference values presented in the guidelines of the lines, with Cobb, Ross, and Hubbard strains having higher PVs by 35%, 27%, 20%, respectively, than birds of the respective lineages in the present study (HUBBARD, 2007; COBB, 2005; ROSS, 2012) , and this inferiority may be attributed to the high environmental temperatures during the experimental period, with averages above the comfort range for birds from the second week of life.
Several authors have reported reduced consumption and decreased performance of broiler chickens exposed to heat stress (OLIVEIRA et al., 2006) .
The analysis of the performance of the three strains during 1-7, 1-21, and 1-28 d suggested that birds of the Cobb strain showed higher sensitivity to high environmental temperatures than Ross and Hubbard birds, since 1-7 d Cobb birds showed higher WG and LW, and in subsequent periods, the superiority of these variables was not maintained. Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
In relation to sex, the same tendency of the previous period was also observed, with males presenting higher FI (6.8%), WG (8.5%), and LW (8.3%) values than that of females, presenting an improvement of 1.9% in FC. Males presented a higher growth rate and body protein deposition (MARCATO et al., 2008) , indicating a higher feed intake and lower feed conversion than females.
The comparison of the performance characteristics between the sexes from d 21 is an important tool for the poultry industry. Some markets, such as the Middle East, require a differentiated product obtained by slaughtering poultry aged 25 to 33 d with an average slaughter weight of 1.450 kg (SANDI, 2011) . In this type of production where the birds are slaughtered younger, females are commonly used, since the abundant production of females of advanced ages is not feasible owing to a greater deposition of body fat in relation to males, and consequently a higher feed conversion. However, the use of male chickens for this type of production can be indicated for hot regions and for sheds with limited technology in ambience control, because with increased age the birds become more sensitive to high ambient temperatures, with a possible decrease in performance and increase in mortality risk, highlighting the importance of studies that assess the effects of strains and sex under hot weather conditions. During 1-42 d, no interactions (P > 0.05) between strain and sex were observed for any of the performance variables, with strain and sex effects (P < 0.05) for the performance variables evaluated, except for FI that did not have a strain effect (P > 0.05) ( Table 6 ).
The Hubbard birds showed a higher WG of 8.2% in relation to the Cobb birds and 5.0% in relation to the Ross birds, with no differences between the Cobb and Ross strains. However, Moreira et al. (2004) working with the Cobb, Ross, and Hybro strains observed that the Ross birds presented a 3.1% higher WG than the Cobb birds. Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
Following the trend of WG, the Hubbard birds presented a higher LW than the Cobb (8.0%) and Ross (4.9%) birds. Mehaffey et al. (2006) in a comparative study with five broiler strains at 42 d of age observed similarities between the LW of four genetic groups, with the highest LW strain being 5.8% higher than the average LW of the other strains. The best FC observed during 1-42 d of age was obtained in the birds of the Hubbard line, being 5.2% and 4.0% superior to the birds of the Cobb and Ross strains, respectively, and no differences were observed between them. The males presented the highest FI (4.3%), WG (8.9%), and LW (8.4%), and better FC (4.3%) than that of females. Moreira et al. (2004) in a study with Cobb, Ross, and Hybro strains from 1 to 42 d of age, also observed higher FI (12.4%) and WG (17.4%) in males than that in females, accompanied by an improved FI (4.3%). In another study, Brewer et al. (2012) , comparing the effects of four strains and sex on broiler chickens, observed that the LW of males, regardless of strains, was 13.6% higher than that of females.
During 1-49 d, no interactions (P > 0.05) between strain and sex were observed for any of the performance variables (P < 0.05) ( Table 7) . Cobb FI was 5.2% and 3.9% lower than that in birds of the Hubbard and Ross strains, respectively, and there were no differences between them. Similarly, Flemming et al. (1999) studied different broiler strains (Cobb, Hubbard, Ross, Arbor, and Isa) from 1 to 47 d of age and observed that Cobb birds also had a lower intake than Hubbard (2.1%) and Ross (0.2%) birds, finding no differences between the two latter strains.
The Hubbard birds presented higher WG by 9.3% and 6.6% than Cobb and Ross birds, respectively, and there were no differences between these two latter strains. The Hubbard birds presented the highest LW, 9,2% and 6,5% superior to that of Cobb and Ross strains, respectively. As observed in the previous periods, the LW of the birds at 49 d was lower than that recommended by the companies supplying the strains, which according to Cobb, Ross, and Hubbard manuals suggested live weights at 49 days of 3,786 3,695, and 3,076 kg (HUBBARD, 2007; COBB, 2005; ROSS, 2012) , respectively. These differences were probably owing to the sensitivity to high environmental temperatures, as a consequence of the reduction in the FI and decrease in the WG of the birds. Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
In regions such as Southeast Piauiense, characterized by high environmental temperatures, producers who do not have air-conditioned sheds need to prolong the duration of the birds in the shed so that they reach the appropriate weight of slaughter; when choosing a certain strain, it is therefore necessary to know the FI and FC specific for each genotype, and not only the WG and LW of the birds.
Despite the similarity in FI between Hubbard and Ross birds, the FC of the Hubbard birds was 4.9% higher than that of Ross birds, owing to the WG superiority presented by the Hubbard birds. Cobb birds presented a lower FI (5.2%) and WG (8.5%) in relation to the Hubbard birds; however, the FC of the birds of these strains was similar, as well as between the Cobb and Ross strains.
The males presented higher FC (4.9%), WG (8.9%), and LW (8.8%), and better FC (4.4%) than that of females, independent of strain. Shin et al. (2012) , in a study with different broiler strains of both sexes, also observed superiority in male LW (20.6%) and a better FC (4.3%) than that of females, suggesting males would be more suitable for advanced slaughter age, when the goal is to market live birds.
It was observed that none of the carcass traits evaluated at 42 d presented a relationship (P > 0.05) between strain and sex. However, independent effects (P < 0.05) of strain and sex on CW, BY, and TY were observed, with no effect (P > 0.05) of these factors on CY and DY (Table 8) .
At 42 d of age, Hubbard birds presented similar CY to Ross birds, being 12.1% higher than the Cobb strain, and there were no differences between Ross and Cobb birds. However, Abdullah et al. (2010) evaluated the carcass characteristics of the Hubbard, Ross, and Lohman strains at 43 d, and found that the Hubbard line presented a CY 10.0% higher than that of the Ross strain.
The Cobb birds presented a BY that was higher by 1.14% and 1.69% in relation to the Ross and Hubbard birds, respectively. The Ross line presented a 1.55% higher by than that of the Hubbard strain, with the lowest BY. Scheuermann et al. (2003) evaluated breast muscle growth in different commercial broiler strains, and observed that birds with higher BY had a longer period of muscle deposition, thus increasing the weight and yield of this muscle. The breast is considered an important cut that corresponds to the highest proportion of the broiler carcass, so that small differences in the yields of this cut can be economically important. Therefore, some poultry companies emphasize breast weight and yield in their breeding programs, to provide lineages that specifically address the industrial segments that prioritize BY, emphasizing the importance of evaluating this characteristic in studies with broiler chickens. Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
Considering TY, it was observed that the Hubbard and Ross birds were superior by 0.9 and 0.8%, respectively, to that of Cobb birds, presenting similar TYs to each other. Marcato et al. (2008) , when comparing thigh growth between Cobb and Ross strains up to 56 d of age, observed that Ross birds presented higher thigh growth rates after 35 d of age, with a higher weight of this cut at advanced ages.
Males presented higher CY (14.1%) and TY (1.16%), but lower BY (1.21%) values than those of females, concurring with the study of López et al. (2011) , in which the females had a BY 0.75% higher than that of males. At 49 d of age there was no interaction (P > 0.05) between strains and sex for the carcass traits evaluated, except for (P < 0.05) TY. As at 42 d, the Hubbard strain presented a similar CY to the Ross birds, being 11.6% superior that of Cobb strain birds, and there were no differences between the Ross and Cobb strains at 49 d. No differences were observed in BY between the birds of the Cobb and Ross strains, which were superior to the Hubbard strain by 1.7% and 1.6%, respectively. Both strain and sex were found to affect TY; males of Hubbard birds presented the highest TY, which were 1.57% and 1.83% higher than that in Cobb and Ross strain males, which did not differ from each other. Among the females, no differences were observed in TY among the lines of the present study. (Table 9 ). Mean followed by a common letter, lowercase in the row and uppercase in the column, do not differ statistically according to the SNK test (P > 0.05).
In contrast to the previous age, in which the strains did not influence DY, at 49 d the DY of Hubbard strain birds was similar to that of the Cobb birds and was 0.85% higher than that of the Ross birds, with no differences between Ross and Cobb strains. At 49 d, males had higher CY (11.5%), TY (1.14%), and DY (0.94%) values than females; however, BY was lower by 1.5% in females.
In general, the results showed that the Cobb, Ross, and Hubbard strains presented different carcass and performance characteristics, which increase the complexity in choosing between the different genetic groups. Therefore, knowing the way the birds are sold, together with the environmental conditions in which they will be kept, is essential when choosing the strain and the sex.
The birds of the Hubbard strain under conditions of high ambient temperatures showed enhanced performance characteristics, especially in the later periods, than the other strains. Therefore, they could be attractive for commercial producers of live chickens, although they are not yet in the northeastern market for this purpose owing to the white color of their legs. The performance of the Hubbard strain in advanced ages reinforces the discussion that birds with superior performance in the pre-initial phase (1-7 d) do not necessarily reach greater slaughter weight (42 or 49 d), as shown in this study. However, the greater weight at slaughter may not be attractive for markets that prioritize cuts, since higher performances do not necessarily translate to higher yields of cut, since Ross and Cobb birds, despite inferior performance, presented higher BY in relation to Hubbard birds, emphasizing the importance of the type of commercialization or production when choosing a certain strain or sex.
It is important to emphasize that the climatic conditions in which the birds were reared in the present study were different from those recommended by the strain manuals and thus we observed that the performance of the birds also differed from the reference values found in the manuals.
Conclusion
Broiler chickens of the different strains studied presented performance data lower than the reference values in their respective manuals when submitted to thermal stress during the growth and finishing period. The Hubbard Flex strain was showed enhanced performance variables than the other strains, and the Ross 308 and Cobb 500 strains showed enhanced cut yields. The males showed better performance and carcass characteristics than females, except for BY.
